Summary
Normal values for a number of blood components of grivet monkeys are reported. Haematological data and values for glucose, cholesterol and urea are similar to those of rhesus monkeys. Activities of alkaline phosphatase (1526 U/I), glutamine oxaloacetate transaminase (30·9 UII), glutamine pyruvate transaminase (13.7 U/I), lactate dehydrogenase (629 UII), ahydroxybutyrate dehydrogenase (175 u/l), creatine phosphokinase (227 UII), y-glutamyl transpeptidase (38·7 UII) and sorbitol dehydrogenase (14.2 u/l), and levels of lysozyme (178 mg/d1), zinc (162 ,ug/d1), copper (81.3 ,ug/dl) and iron (296·5 ,ug/d1)have not previously been reported for this animal. Values for serum amino acids, proteins, electrolytes, triglycerides and creatinine are compared with those of other primates.
Changes in the levels of whole-blood and serum components are measured in this laboratory as part of an investigation into the nature of the metabolic response to microbial infection and to assess the significance of such changes for the diagnosis of infection and the monitoring of therapy. To evaluate infectionrelated changes it is necessary to ascertain the normal ranges of values for blood components. The grivet monkey (Cercopithecus aethiops) has been found to be a suitable primate for the study of experimental microbial infections (Baskerville, Hambleton & Dowsett, 1978; Hambleton, Baskerville, Harris-Smith & Bailey, 1978) , but published information on the normal levels of blood constituents in grivet monkeys is limited and does not cover many of the components measured in our study (Altman & Dittmer, 1974) . This paper presents normal values for trace metals, electrolytes, amino acids, protein, enzyme activities and other constituents of serum and haematological data for a group of adult grivet monkeys bled over a period of up to 2 weeks.
Materials and methods

Animals
A total of 42 adult grivet monkeys (Cercopithecus aethiops) of both sexes, each weighing 2-4· 5 kg, was Received 1 September 1978 . Accepted 12 September 1978 used in this study. They were housed in individual cages with a moveable back to facilitate administration of anaesthetic. The daily feed for each animal comprised 'Mazuri' 90 g (BP Nutrition (UK) Ltd, Stepfield, Witham, Essex, CM8 3AB, UK), mixed corn 80 g, I carrot or I apple,! an orange and water ad libitum.
Blood samples
Animals were anaesthetized by intramuscular (im) injection of ketamine hydrochloride ('Vetalar'; Parke, Davis & Co., Usk Road, Pontypool, Gwent, NP4 8YH, UK) and blood (5 ml) was withdrawn from a femoral vein using disposable plastic syringes. A portion (1 ml) of each sample was placed in vials containing sequestrene anticoagulant (Seward Laboratory, 1 Blackfriars Road, London, SEI 9UG, UK) and the remainder allowed to clot in paraffinwax-coated glass universal bottles; separated sera were stored at -20°C. Specimens were usually collected at intervals of 3-4 days over periods of up to 2 weeks.
Analytical methods
Total red and white cell counts, mean corpuscular volume (MCV), haematocrit (Hct) and platelet counts were measured with an electronic counter (model ZB 1 with MCV and Hct accessory; Coulter Electronics Ltd, Coldharbour Lane, Harpenden, Hertfordshire, AL5 4UN, UK). Haemoglobin was measured with a Coulter 'Haemoglobinometer'.
Serum copper and zinc levels were measured with a carbon rod analyser (Hambleton, Harris-Smith, Bailey & Strange, 1977) . Levels of transferrin-bound iron were determined with the carbon rod analyser using the method of Olsen, Jatlow, Fernandez & Kahn (1973) . The concentrations of potassium, sodium, calcium and magnesium in sera were determined by fldme absorption spectrophotometry (Varian, no date).
The activities in sera of alkaline phosphatase ( Free amino acid levels in sera were measured as described by Hambleton et at. (1977) .
Results and discussion
The rhesus monkey (Macaca mulatta) is widely used as an experimental primate for studies on infectious diseases. However, the grivet monkey (Cercopithecus aethiops) has advantages over the rhesus monkey as an experimental animal; it is more readily obtained, cheaper to buy and maintain, easier to house and Hambleton, Harris-Smith, Baskerville, Bailey & Pavey handle, and is generally more free from parasitic and bacterial infections. However, to our knowledge the data available on the normal levels of blood constituents in grivet monkeys are very limited (Altman & Dittmer, 1974) and do not cover the range of constituents measured in this study. Further, they may not have been obtained with the analytical methods currently in use.
The white blood cell count of the grivet monkey (8·05 x lQ3/mm 3 ; Table I ) is similar to that reported by Kupper, Kessler & Cook (1976) for the rhesus monkey (7·6-8·3 x 10 3 /mm 3 ), but lower than the values obtained for the rhesus monkey by other workers (15·2 x lQ3/mm 3 , Krise & Wald, 1958; 12·8 x 1Q3/mm3, King & Gargus, 1967) . The erythrocyte count (4-89 x lQ6/mm 3 ) for grivet monkeys is within the range of values for the rhesus monkey reported by Altman & Dittmer (1974) , Ives & Dack (1956) , Krise & Wald (1958) and Kupper et al. (1976) . The values (see Table 1 ) for MCV (86·6 ,urn 3), Hct (42·3%), haemoglobin (13·6 g/d\) and platelets (230 x 10 3 /mm 3 ) are within the ranges reported for the rhesus monkey (Altman & Dittmer, 1974; Kupper et al., 1976) . The levels of some serum enzymes in grivet monkeys (Table 2) cannot readily be compared with those for other non-human primates, since most earlier publications do not express enzyme activities in international units per litre. However, Kupper et al. (1976) reported levels of GOT (28·4 U/I) and GPT (25·9 U/I) in the rhesus monkey, similar to those reported here, whereas levels of LDH (384 U/I) and We know of no other published data on the serum levels of trace metals in non-human primates. Serum copper levels in the grivet monkey (81 ,ug/dl, Table 3 ) and man (114 ,ug/dl, Altman & Dittmer, 1974) are similar, whereas serum zinc (84 ,ug/dl, Giroux, Durieux & Schechter, 1976; 120 ,ug/dl, Wannemacher et al., 1972) and iron levels (116 ,ug/dl, Altman & Dittmer, 1974) in man are lower than those found in grivet monkeys in this study (162 and 296 ,ug/dl respectively). Sodium (195·8 mEq/l) and potassium (5·44 mEq/t) concentrations were slightly higher than those previously reported for grivet monkeys (154 and 4·2 mEq/1 respectively, Altman & Dittmer, 1974) whereas calcium (2·87 mmol/l) levels are similar to those in the rhesus monkey (2· 7 mmol/I, King & Gargus, 1967; Kupper et al., 1976) . Serum magnesium concentrations (0·69 mmol/I) in grivet monkeys are similar to values in human serum (0·92 mmol/I, Altman & Dittmer, 1974) .
The total protein levels (9·6 mg/dl) reported here (Table 3) are higher than those previously reported for grivet monkeys (6·8 mg/dl, Spector, 1956 ) and rhesus monkeys (7·4 mg/dl, Kupper et al., 1976) , but lower than reported by Anderson (1966) for rhesus monkeys (11·1 mg/dl). Triglyceride levels (135·4 mg/dt) were higher than found by Kupper et af. (1976) for rhesus monkeys (57·7 mg/dl), but glucose, cholesterol and urea nitrogen values are similar in both genera (Kupper et al., 1976; Anderson, 1966) . Serum creatinine for grivet monkeys (0·5 mg/dl) was about half that in man (1·1 mg/dl; Altman & Dittmer, 1974) and seromucoid (a, acid glycoprotein) levels (88 (1966) . Changes in the levels of total and some individual serum free amino acids can be of value in predicting the onset in primates of an inflammatory response to stress (Hambleton et al., in press; Wannemacher, Klainer, Dinterman & Beisel, 1976) . However, there is little published information on the normal levels of these components of non-human primates. The total amino acid levels in grivet monkey serum (3 ·19 mmol/l, Table 4 ) is the same as that quoted for humans by Wannemacher, Dinterman, Rayfield & Beisel (1977) , although the levels of glutamate (0·41 mmol/I), glycine (0· 71 mmol/I) and serine (0· 23 mmol/I) are rather higher than in man (0·16,0·21 and 0·13 mmol/l respectively). The levels of most individual amino acids are higher in the grivet monkey than reported for Macaca fascicularis (Altman & Dittmer, 1974) .
The wide range of levels of some components is not apparently due to rhythmical changes since samples from the same animal showed little variation, nor was there any relationship between the sex or weight of the animals and the values obtained. Rather, the ranges observed reflect differences between individual grivet monkeys.
In addition to determinations of blood components, measurements were also made of rectal temperatures; the mean value was 38·67°C, s.e. 0·05, s.d. 0·40, range 36·89-39·89°C.
The establishment of normal values for blood constituents depends largely on the analytical methods chosen, and for this reason workers tend to determine their own control values for a particular group of animals. Even so, it is useful to be able to refer to published data from other sources. This report significantly extends the available information on the normal values of a number of blood components of the grivet monkey and confirms the suitability of this species for studies on infectious diseases in primates.
